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(57) ABSTRACT

It 1s an object of the present invention to provide a cleaning
method of and a cleaning apparatus for removing organic
matters such as phthalates that have deposited on the surface
of a semiconductor substrate while restraining the growth of
a natural oxide film. The present invention provides a
method of cleaning a semiconductor substrate, which com-
prises irradiating a semiconductor substrate contaminated by
organic matters such as phthalic acid, phthalate and deriva-

fives thereof with vacuum ultraviolet light having a wave-
length within a range from 165 to 179 nm 1n an atmosphere
of oxygen or air that 1s introduced from an O, or air intake
port, thereby decomposing and removing the contaminant.

16 Claims, 4 Drawing Sheets
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METHOD FOR CLEANING
SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of cleaning and
an apparatus for removing organic matters deposited on a
semiconductor substrate in a semiconductor device produc-
fion process.

2. Description of the Related Art

As semiconductor devices are produced 1n increasingly
higher degrees of integration, the devices are required to
have increasingly higher reliability. In the process of form-
ing semiconductor elements on a semiconductor substrate
that 1s carried out 1n a plurality of film forming steps, in
particular, cleanliness of the surface of the underlying semi-
conductor substrate 1s a critical factor that determines the
reliability.

When forming a gate oxide film or a polysilicon film, 1t
1s a common practice to keep the semiconductor substrate in
a carrier case made of a plastic material for several hours to
several days depending on the operating condition of a film
forming apparatus.

However, when kept 1n the carrier case, the semiconduc-
for substrate 1s often contaminated by organic matters.

When a gate oxide film, for example, 1s formed on the
surface of a semiconductor substrate that 1s contaminated by
organic matters, 1t 1s known that the elements formed
thereon are prone to problems such as deterioration in the
withstanding voltage.

To remove organic matters deposited on the surface of
semiconductor, such a method has been employed as 1irra-
diating the surface with vacuum ultraviolet light
(wavelength: 254 nm) in an ozone atmosphere. This process
has sometimes been carried out at a relatively high tempera-

ture of 200° C. or higher.

However, when 1rradiating the surface with vacuum ultra-
violet light (wavelength: 254 nm) in the ozone atmosphere,
there has been a problem that a natural oxide film grows on
the substrate before the gate oxide film or polysilicon film 1s
formed thereon. There may also occur such a problem that

raising the temperature accelerates the growth of the natural
oxide film.

The natural oxide film 1s not of a good nature, and may
affect the reliability of the gate oxide film or the polysilicon
f1lm to be formed later.

OBJECT AND SUMMARY OF THE INVENTION

To solve such problems as described above, it 1s an object
of the present invention to provide a cleaning method of and
a cleaning apparatus for removing organic matters deposited
on a semiconductor substrate without allowing the natural
oxide film to grow on the semiconductor substrate.

The present 1nvention 1s directed to a method of cleaning,
a semiconductor substrate, which comprises removing
phthalic acid, phthalate or a derivative thereof deposited on
the semiconductor substrate by irradiating the semiconduc-
tfor substrate with vacuum ultraviolet light having a central
wavelength of 172 nm.

The wavelength of vacuum ultraviolet light 1s preferably
within a range from 165 to 179 nm. A light source of vacuum
ultraviolet light 1s preferably a Xe excimer lamp.

The present mvention 1s also directed to an apparatus for
cleaning a semiconductor substrate, comprising:
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2

an 1rradiating means disposed 1n a closed cleaning cham-
ber for rrradiating a semiconductor substrate contami-
nated by phthalic acid, phthalate or a derivative thereot

with vacuum ultraviolet light having a central wave-
length of 172 nm;

an 1mtake port for immtroducing oxygen or air into the
cleaning chamber;

a semiconductor substrate charging port for charging the
semiconductor substrate i1nto the cleaning chamber
while shutting off the atmosphere; and

an antechamber of the film forming apparatus through
which the semiconductor substrate that has been
cleaned 1n the cleaning chamber 1s charged 1nto a gate
oxide film forming chamber or a polysilicon film
forming chamber without being exposed to the atmo-
sphere.

The present invention 1s further directed to a method of
producmg a semiconductor device, which comprises eifect-
ing a cleaning step that employs the cleaning method of
claim 1 as a preliminary step before the step of forming the
cgate oxide film or the polysilicon film on the semiconductor
substrate.

According to the present invention, first, it 1s made
possible to clean the semiconductor substrate that has been
kept 1n a carrier case made of a plastic material and
contaminated by phthalic acid, phthalate or a derivative
thereof. This 1s because the 1rradiation with vacuum ultra-
violet light having a wavelength within a range from 165 to
179 nm efficiently generates excited oxygen atoms that
decompose the organic matters.

Second, since the cleaning method according to the
present mvention 1s effected at a temperature around the
room temperature, generation of the natural oxide film can
be suppressed.

Third, reliability of the gate oxide film and the polysilicon
f1lm can be improved by providing the cleaning step of the
present invention immediately before the step of forming the
cgate oxide film or the polysilicon film.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing a cleaning appa-
ratus that cleans a semiconductor substrate by 1rradiating the
surface thereof with vacuum ultraviolet light (emitted by a
Xe excimer lamp oscillating at a wavelength of 172 nm)
according to one embodiment of the present mvention.

FIG. 2 shows the results of analyses conducted with a gas
chromatograph mass spectrometer of high temperature des-
orption type on residual organic matters deposited on the
surface of a semiconductor substrate before and after clean-
ing by the cleaning method of the present invention (FIG. 2a
showing the result after cleaning and FIG. 2b showing the
result before cleaning).

FIG. 3 shows the results of analyses conducted with an
atmospheric pressure mass spectrometer of high temperature
desorption type on phthalate deposited on the surface of a
semiconductor substrate before and after cleaning by the
cleaning method of the present invention.

FIG. 4 shows the results of evaluating the amount of
increase 1n the natural oxide film in the case of cleaning by
the cleaning method of the present 1nvention.

DETAILED DESCRIPTION OF THE
INVENTION

The present inventors of the present application took
notice of the fact that a semiconductor substrate kept in a
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carrier case made of a plastic material 1s contaminated by
organic matters on the surface thereof, and analyzed the
surface of the contaminated substrate. The analysis showed
that the contaminants are mostly phthalic acid, phthalate or
a derivative thereof. These contaminants are supposed to be
mainly a plasticizer or an antioxidant included 1n the plastic
carrier case that gasified and deposited on the surface.

The cleaning method of the present invention i1s best
suited for removing especially the organic maters described
above, and may be considered to be a method that minimizes
the growth of the natural oxide film.

Now the mechanism of cleaning will be described below.

Prior art of removing organic matters 1in general imncludes
one that employs UV/ozone gas, wherein vacuum ultraviolet
light of wavelengths 254 nm, 185 nm, etc. emitted by a low
pressure mercury lamp are used. When UV light
(wavelengths 254 nm, 185 nm, etc.) is emitted in an O,
atmosphere, O, molecules 1n the air decompose, form ozone
and further decompose 1nto excited oxygen atoms in the
reactions expressed by the scheme (1).

0,—0,;—(0) (Scheme 1)

The cleaning method according to the present invention,
on the other hand, comprises two reaction paths, one
expressed by the scheme 2 where O, molecules 1n the air are
decomposed directly into excited oxygen atoms by vacuum
ultraviolet light (emitted by a Xe excimer lamp oscillating at
a wavelength of 172 nm) and one expressed by the scheme
3 where O, molecules 1n the air are decomposed to form
ozone and further decomposed 1nto excited oxygen atoms.

0,—(0) (Scheme 2)

0,—=0;—(0) (Scheme 3)

Thus the cleaning method of the present invention can be
considered to be a method capable of generating excited
oxygen atoms efficiently.

In order to remove the organic matters originating 1n the
carrier case made of a plastic material, namely to achieve the
object of the present invention, 1t 1s mdispensable to gen-
crate excited oxygen atoms and therefore it 1s most advan-
tageous to employ the method of the present mvention
where the excited oxygen atoms are generated efficiently.

Moreover, the cleaning method of the present invention
has such an advantage that it 1s not necessary to raise the
temperature and the processing time 1s relatively short since
the excited oxygen atoms are generated efficiently at a room
temperature (0 to 30° C.). This leads to another advantage
that the growth of a natural oxide film can be restrained to
about 4 to 5 A.

In the prior art process of rrradiating with UV light, on the
other hand, since the excited oxygen atoms cannot be
ogenerated efliciently, there have been such problems that
longer processing time 1s required, a higher processing
temperature 1s required or, 1n some cases, the natural oxide
f1lm growing rate 1s higher than the organic matter removing
rate and may eventually make 1t impossible to remove the
contaminant.

EXAMPLES

Now the present invention will be described 1n more
detail below with reference to the accompanying drawings.

FIG. 1 1s a schematic diagram showing a dry cleaning
apparatus that cleans a semiconductor substrate by irradiat-
ing the surface with vacuum ultraviolet light (emitted by a
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Xe excimer lamp oscillating at a wavelength of 172 nm) in
an air or O, atmosphere before forming various films. As
shown 1n this drawing, the cleaning apparatus comprises a
semiconductor substrate charging port 3, a cleaning chamber
2, and a film forming apparatus antechamber 1.

This apparatus may be of either single sheet processing
type wherein the semiconductor substrates are processed one
by one, or batch processing type where a plurality (for

example, several to about 25 pieces) of semiconductor
substrates are cleaned at the same time.

The cleaning chamber 2 has a space that 1s closed airtight,
with an vacuum ultraviolet light source 4 installed above the
cleaning chamber 2 and the semiconductor substrate §
disposed below the light source.

For the vacuum ultraviolet light source used 1n the method
of cleaning the semiconductor substrate according to the
present 1nvention, a xenon excimer lamp emitting light
having a central wavelength of 172 nm 1s preferably used.
Since vacuum ultraviolet light have distributed wavelengths,
the semiconductor substrate 1s 1rradiated with light having a
wavelength within a range from 165 to 179 nm.

The semiconductor substrate that has been kept in a
carrier case made of a plastic material or exposed 1n a clean
room 15 contaminated by organic matters 6 on the surface 5.
The organic matters 6 comprise mostly phthalic acid, phtha-
late and a derivative thereof that are included 1n the plastic
carrier case and are deposited on the semiconductor sub-
strate after being evaporated.

As oxygen 1s mtroduced 1nto the cleaning chamber 2 and
vacuum ultraviolet light (Xe) 11 are irradiated from vacuum
ultraviolet light source 4, excited oxygen atoms 12 are
cgenerated efficiently and decompose the phthalic acid and
other contaminants deposited on the surface of the semicon-
ductor substrate 5 that are turned into decomposed matters
7 such as carbon dioxide, water and carbon compounds of
low molecular weights. The decomposed matters 7 are
purged out of the apparatus through an exhaust port 9.

Oxygen 1ntroduced into the cleaning chamber may be a
cgas that includes oxygen, and may be introduced together
with a carrier gas that 1s not depositable nor corrosive to the
semiconductor substrate. From economical consideration, it
1s preferable to use high purity oxygen or clean air that has
passed a filter 10 to remove 1mpurities such as particles,
organic matters and ammonia.

In the drawing, oxygen or air mntroduced through the air
intake port 8 passes a 3-layer filter 10 consisting of an ULPA
filter element, an organic matter removing filter element and
an ammonia removing filter element, and enters the cleaning,
chamber 2. The ULPA filter clement 1s a glass filter that
removes particles, and the organic matter removing filter
clement and the ammonia removing filter element are
chemical filters consisting of active carbons or 10n exchange
resins of different kinds.

While there 1s no limitation to the cleaning temperature,
processing at a temperature within a range from 0 to 30° C.
has such an advantage that the growth of natural oxide film
does not 1ncrease. In FIG. 1, process temperature and
humidity are set similar to those 1 the closed clean room
without need to raise the temperature during rrradiation and,
since the temperature i1s not increased by irradiation, the
process proceeds around the room temperature.

The semiconductor substrate charging port 3 1s a space
isolated from the clean room except for a time when the
contaminated semiconductor substrate 1s charged, thereby
minimizing the possibility of contaminating the cleaning
room.
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The semiconductor substrate 5 that has been cleaned in
the cleaning room 2 1s transferred to the film forming
apparatus antechamber 1 while being 1solated from the clean
room atmosphere, and 1s then sent to a gate oxide film
forming step or a polysilicon film forming step that 1s a
subsequent step. The film forming apparatus antechamber 1
1s an antechamber for transferring the semiconductor sub-
strate 5 to the gate oxide film forming chamber or the
polysilicon film forming chamber while 1solating the semi-
conductor substrate from the atmosphere. Such a configu-
ration of the apparatus makes 1t possible to improve the
reliability of the films and improve the yield of producing
the semiconductor devices, since the gate oxide film or the
polysilicon film 1s formed with a degree of cleanliness being,
maintained.

FIGS. 2-a, 2-b show the results of evaluating the residual
organic matters deposited on the surface of a semiconductor
substrate before and after cleaning by the cleaning method
of the present invention (irradiation of vacuum ultraviolet
light for 5 seconds), measuring with a gas chromatograph
mass spectrometer of high temperature desorption type
(FIG. 2a showing the result after cleaning and FIG. 2b
showing the result before cleaning).

In FIGS. 2-a and 2-b, concentration represented in 1onic
strength 1s plotted along the ordinate and retention time of
the chromatograph 1s plotted along the abscissa. Both graphs
show the results of measurements 1 the same scale to
facilitate relative evaluation. The greater the number of
peaks, the greater the variety of the organic matters depos-

ited. Height of a peak represents the amount of the organic
matter deposited.

Comparison of the graphs in FIGS. 2-a, 2-b shows high
cleaning effect of the cleaning method according to the
present invention. It 1s also found that density of the organic
matters deposited decreases to a satistactory level of within
0.1 ng/cm” after cleaning.

FIG. 3 shows the results of detalled evaluation conducted
with an atmospheric pressure mass spectrometer of high
temperature desorption type on phthalate (used as the plas-
ticizer in the plastic carrier case) among the organic matters
deposited on the surface of the semiconductor substrate.
Concentration represented 1n 1onic strength 1s plotted along
the ordinate and desorption temperature 1s plotted along the
abscissa. The graph on the right-hand side of FIG. 3 shows
the case of mass number 149 (main peak of phthalic acid)
and the graph on the left-hand side shows the case of mass

number 104 (skeleton of phthalic acid).

In either graph, 1t suffices to compare the behavior 1n a
temperature range from about 400 to 600° C., and it is shown
that phthalate decreases by more than one order of magni-
tude 1n terms of 1onic strength.

Then changes 1n the thickness of the natural oxide film
was measured before and after irradiating with vacuum
ultraviolet light (emitted by a Xe excimer lamp oscillating at
wavelength 172 nm) and when the irradiation time was
clongated 1n case the cleaning method of the present 1nven-
fion was employed. The results are shown 1n FIG. 4. The
film thickness was measured at five points on the semicon-
ductor substrate as shown 1n FIG. 4.

It was found that a longer irradiation time (120 seconds at
maximum) causes the thickness of natural oxide film to
increase, while the increase 1n the thickness of natural oxide
film is at a satisfactory level of about 3 to 4 A (amount of
increase 1 A without irradiation) with irradiation time of
about 120 seconds.
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What 1s claimed 1s:

1. A method of cleaning a semiconductor substrate, which
comprises removing phthalic acid, phthalate or a derivative
thereof deposited on the semiconductor substrate by irradi-
ating the semiconductor substrate with vacuum ultraviolet
light having a central wavelength of 172 nm.

2. The method of cleaning a semiconductor substrate
according to claim 1, wherein the wavelength of vacuum
ultraviolet light 1s within a range from 165 to 179 nm.

3. The method of cleaning a semiconductor substrate
according to claim 1, wherein a light source of vacuum
ultraviolet light 1s a Xe excimer lamp.

4. The method of cleaning a semiconductor substrate
according to claim 2, wherein a light source of vacuum
ultraviolet light 1s a Xe excimer lamp.

5. The method of cleaning a semiconductor substrate
according to claim 1, wherein the irradiation with vacuum
ultraviolet light 1s effected 1n an oxXygen atmosphere or an air
atmosphere.

6. The method of cleaning a semiconductor substrate
according to claim 2, wherein the irradiation with vacuum
ultraviolet light 1s effected 1n an oxygen atmosphere or an air
atmosphere.

7. The method of cleaning a semiconductor substrate
according to claim 3, wherein the irradiation with vacuum
ultraviolet light 1s effected 1n an oxygen atmosphere or an air
atmosphere.

8. The method of cleaning a semiconductor substrate
according to claim 1, wherein the irradiation with vacuum
ultraviolet light 1s effected at a substrate temperature within
a range from 0 to 30° C.

9. The method of cleaning a semiconductor substrate
according to claim 2, wherein the irradiation with vacuum
ultraviolet light 1s effected at a substrate temperature within
a range from 0 to 30° C.

10. The method of cleaning a semiconductor substrate
according to claim 3, wherein the irradiation with vacuum
ultraviolet light 1s effected at a substrate temperature within
a range from 0 to 30° C.

11. The method of cleaning a semiconductor substrate
according to claim 4, wherein the irradiation with vacuum
ultraviolet light 1s effected at a substrate temperature within
a range from 0 to 30° C.

12. Amethod of producing a semiconductor device, which
comprises elfecting a cleaning step that employs the clean-
ing method of claim 1 as a preliminary step before the step
of forming the gate oxide film or the polysilicon film on the
semiconductor substrate.

13. Amethod of producing a semiconductor device, which
comprises elffecting a cleaning step that employs the clean-
ing method of claim 2 as a preliminary step before the step
of forming the gate oxide film or the polysilicon film on the
semiconductor substrate.

14. Amethod of producing a semiconductor device, which
comprises elffecting a cleaning step that employs the clean-
ing method of claim 3 as a preliminary step before the step
of forming the gate oxide film or the polysilicon film on the
semiconductor substrate.

15. Amethod of producing a semiconductor device, which
comprises elfecting a cleaning step that employs the clean-
ing method of claim 4 as a preliminary step before the step
of forming the gate oxide film or the polysilicon film on the
semiconductor substrate.

16. Amethod of producing a semiconductor device, which
comprises elfecting a cleaning step that employs the clean-
ing method of claim 5 as a preliminary step before the step
of forming the gate oxide film or the polysilicon film on the
semiconductor substrate.
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